Abstract The aim of this study was to examine the prediction of adult behavioral and emotional problems from developmental trajectories of externalizing behavior in a 24-years longitudinal population-based study of 2,076 children. The adult psychiatric outcome of these trajectories has not yet been examined. Trajectories of the four externalizing behavior types: aggression, opposition, property violations and status violations were determined separately through latent class growth analysis using data of five waves, covering ages 4-18 years. We used regression analyses to determine the associations between children's trajectories and adults' psychiatric problems based on the Adult Self-Report. The developmental trajectories of the four types of externalizing behavior mostly predicted intrusive, aggressive and rule-breaking behavior in adulthood. Non-destructive behaviors in childhood such as opposition and status violations predict adult problems to a larger extent than destructive behaviors such as aggression and property violations. In general, children who develop through high-level trajectories are likely to suffer from both internalizing and externalizing problem behavior in adulthood, regardless the direction of change (i.e. increasing/decreasing/persisting) of the high-level trajectory. We can conclude that the level rather than the developmental change of externalizing behavior problems has a larger impact on adult outcome.
Introduction
To study externalizing behavior is of great importance because externalizing behavior causes many disturbances for the child and its social environment. Externalizing behavior in childhood and adolescence is highly predictive for later externalizing behavior [17, 18, 27] and other psychopathology [16, 37] . Because externalizing behavior can change both in form and severity over time [6, 9, 18, 29] , studies on the development of externalizing behavior need to employ a developmental perspective including several measurement points to provide complete information about the severity of the problem. In addition, externalizing behavior problems comprise different types of behaviors that not only develop in different ways but also lead to different outcomes [6, 15] , consequently, developmental studies need to distinguish between development of different types of externalizing behavior [3] . In this 24-year follow-up study, we investigated the predictive strength of developmental trajectories in various childhood externalizing behavior types for a large range of adult psychopathology.
Because externalizing behavior comprises a large range of problem behaviors, Frick et al. [15] derived a classification through a meta-analysis of 44 studies. Four types of problem behaviors within the broader category of externalizing behavior were identified: property violations (e.g. lies, cruel to animals), aggression (e.g. fights, bullies), status violations (e.g. substance use, runaway) and oppositional (e.g. temper, stubborn). Only a few studies have confirmed this subdivision of externalizing behavior and have suggested that these different externalizing behavior types differ in their development and long-term outcome [6, 8, 30, 31] . To our knowledge, no studies have reported about psychiatric outcomes in adulthood. Overall, status violations have been found to increase with increasing age [6] whereas the other subtypes decrease or persist over time. In addition, oppositional has been found to predict social problems in adulthood, while status violations has been found to predict both social problems and drug abuse, and aggression and property violations to predict drug abuse and risky sexual behavior [8, 30] .
It is well established in the literature that the continuity of childhood externalizing behavior can follow different developmental trajectories over time. Developmental trajectories describe the course of behavior over time, that is, changes in both the level and the growth or decline of behaviors. It is important to know which change in level and growth across age may be considered normative for children and adolescents. Because, from both theoretical and clinical perspective, for defining abnormal behavior at any age point, it is indispensable to understand normal development. Previous longitudinal studies on the issue reported 'increasing', 'decreasing', 'stable high' and 'stable low' trajectories of externalizing behavior [6, 9, 10, 22 ]. In addition to the level and the growth or decline of behaviors, individuals can start to display problem behavior at different ages [31] . As a result, some studies report a 'child onset' type, an 'adolescent onset' type [4, 19, 26] , or a 'life-course persistent' and 'adolescence-limited' developmental trajectories of externalizing behavior. In the 'adolescent-limited' subgroup, externalizing behavior emerges in adolescence and desists after adolescence [9] . Considering these different developmental trajectories of externalizing behavior that groups of children follow, an average developmental trajectory that describes expected development for most children may be considered inadequate because of substantial variation around the mean. Therefore, it is important to consider groups of children that follow developmental trajectories that vary in level and shape. In the current study, we determined distinctive groups of individuals who are more likely to follow one developmental trajectory than another, within each type of externalizing behavior.
Different developmental trajectories have been found to have different adult outcomes [31] . For instance, children in stable high-level trajectories are more likely to show poor outcomes (e.g. delinquency, aggression or substance use) [9, 10, 30 ] than children on low-level or increasing trajectories [8, 9, 26] . Furthermore, individuals in externalizing behavior trajectories of the 'life-course-persistent' and 'child onset' subtype experience in general more adult problems (e.g. delinquency and economic problems) than individuals in 'adolescent onset' and 'adolescent limited' trajectories [25, 26] . However, some studies fail to identify 'adolescent-limited' trajectories of externalizing behavior, or, report poor outcomes in adulthood for individuals who started to display problem behavior in adolescence [9, 25] . Evidently, both the type and the developmental course of externalizing behavior appear to widely differ among individuals and different types and developmental courses of externalizing behavior may lead to very different adult outcomes. Therefore, to be able to predict the adult outcome of externalizing behavior, different trajectories of distinct externalizing behavior types need to be examined.
In the present study, we investigated associations between developmental trajectories of externalizing behavior in childhood and a large range of psychiatric problems in adulthood. In a 24-year longitudinal population-based study, we examined the predictive value of trajectories of the four externalizing behavior types [15] (i.e., oppositional, aggression, property violations and status violations), based on five waves covering 4-18 years.
Methods

Sample
In 1983, a sample of 2,600 children from 13 birth cohorts aged 4-16 years was randomly selected from the general population of the province of Zuid-Holland in the Netherlands. Of each gender and age, 100 children were drawn from the municipal registers listing all residents in the province. A total of 2,447 parents could be reached, of whom 84.8% (2076 parents) completed the Child Behavior Checklist (CBCL) on their child. Parents were interviewed and completed the CBCL at 2-year time intervals in 1983, 1985, 1987, 1989 and 1991 [7] . Participants themselves were interviewed again in 2006 and 2007, when they were 28-40 years old.
Between January 2006 and June 2007 [32] , we approached all participants from the original sample, except 23 who had died, 10 who were intellectually disabled, and 48 who had requested to be removed from the sample at an earlier stage of the study (see Fig. 1 ). We reached 1,791 of the 1,995 participants, 426 refused and 1,365 respondents provided usable data. The response rate in the data collection was 67% (1,365 of 2,043).
To investigate selective attrition, we performed logistic regression analyses to look at associations between age, gender, socio-economic status (SES) and Total Problems Score of participants in 1983, and participation in 2006 and 2007. SES was scored on a six-step scale of parental occupation [33] with 1 = lowest SES. Total Problems Score was calculated by summing 118 of the specific item scores on emotional and behavioral problems in the CBCL. Cut-off points for a deviant versus nondeviant Total Problems Score of the CBCL were based on the 85th percentile of the frequency distributions in the sample. Age, gender, Total Problems Score and SES were significantly associated with participation. Participation was more likely when participants were women (69.7 vs. 61.6%; OR = 1.44; CI 1.20-1.73; P \ 0.000), if they were younger (mean age at baseline was 10.2 years for dropouts and 9.8 years for participants; OR = 0.97; CI 0.94-0.99; P \ 0.005), had a higher SES (3.4 for dropouts and 3.7 for participants; OR = 1.12; CI 1.06-1.18; P \ 0.000) and a nondeviant Total Problems Score at baseline (17.3% for dropouts and 13.4% for participants; OR = 0.77; CI 0.59-0.99; P \ 0.043).
Measures
Externalizing behavior trajectories
Externalizing behavior trajectories were based on assessment with the Child Behavior Checklist (CBCL) [1] . The CBCL is a questionnaire intended for completion by parents of 4-to 18-year-old children; it contains 120 items covering behavioral or emotional problems that have occurred during the past 6 months. The items are scored on a three-point scale: 0 (not true), 1 (somewhat or sometimes true) and 2 (very true or often true). The reliability and validity of the CBCL [1] have been confirmed for the Dutch version [35] .
Externalizing behavior items of the CBCL which content showed a good match to the original items described by Frick [6, 15] , were subdivided in four types: aggression, opposition, property violations, and status violations. The 21 items were used to create a score on these four types (see Table 1 ). A good fit of the four clusters was confirmed with a confirmatory factor analyses (the average goodness-of-fit index (GFI) was 0.92 for males and 0.96 for females; [6] ).
Trajectories of externalizing behavior for ages 4-18 years were identified in a previous study on the ZuidHolland data (see Fig. 2 ). A semi-parametric, group-based approach [21] was used to determine developmental trajectories of the four classified externalizing behavior types. In the first five waves of this study, 6,932 observations were collected on which basis the trajectories were computed. For every child, his/her trajectory was determined within each externalizing behavior type.
The semi-parametric mixture model allows for differences between groups in the shape of the developmental trajectories and is also appropriate for analyzing withinsubject-level development. Within the behavior types, the best possible number of groups with different developmental trajectories were estimated and selected using the Bayesian information criterion [21] . We used a ZeroInflated Poisson (ZIP) distribution for estimating the trajectories. Estimation using a ZIP distribution addresses both non-normality and the abundance of zeros typically found in distributions of externalizing behavior [6, 21] . Model estimation produces two key outputs: parameter estimates that distinguish the shapes of the developmental trajectories [6] and also, for each of the trajectories, the probability of group membership for each individual in the sample. The largest probability for each individual indicated the trajectory that best matched to that individual's behavior over time. With these probabilities, each child was assigned to the trajectory of each externalizing type that best described their individual developmental trajectory. Therefore, each child could be classified at the same time in, for example, a high level trajectory for opposition and a low-level trajectory for aggression. There were equal amounts of younger and older children classified in each trajectory, since there were no age effects in the assignment of the individuals to the trajectories. The child's classifications were used in further analyses. Three trajectories were found for the externalizing behavior type aggression: a 'near zero' trajectory, a 'low decreasers' trajectory, and a 'high decreasers' trajectory. Six trajectories were found for the behavior type opposition: a 'near zero' trajectory, a 'low decreasers' trajectory, a 'medium decreasers' trajectory, an 'adolescent increasers' trajectory, a 'high persisters' trajectory and a 'high decreasers' trajectory. Four trajectories were found for property violations: a 'near zero' trajectory, a 'low decreasers' trajectory, a 'high persisters' trajectory, and an 'extremely high persisters' trajectory. In status violations, a 'near zero' trajectory, an 'adolescent decreasers' trajectory, a 'medium increasers' trajectory, and a 'high increasers' trajectory was found.
In the current study, 1,365 adults participated. Of this group of participants, 407 were assigned to a high-level trajectory in at least one type. Of these high-level participants, 302 participated in only one externalizing behavior type in a high-level group, 82 participants in two types, 17 participated in three externalizing behavior types in a highlevel group, and 6 in all four externalizing behavior types. Because the 'extremely high persisters' group of opposition consisted of only two participants, this group was combined with the 'high persisters' group. The number of individuals within each trajectory can be found in Table 2 . No significant differences were found between participants with missing assessments and participants with assessments in all five waves on any of the CBCL scales (see [6] for further details of this analysis).
Adult behavioral or emotional problems
The Adult Self-Report (ASR) [2] is the adult equivalent of the CBCL. It is a questionnaire intended for completion by adults of 18-to 59-year-old and it includes 123 problem items, covering behavioral or emotional problems that have occurred during the past 6 months. The items are scored on a three-point scale: 0 (not true), 1 (somewhat or sometimes true) and 2 (very true or often true). The items can be scored on eight syndrome scales: Withdrawn, Somatic Complaints and Anxious/Depressed (which form the Internalizing scale), Rule-Breaking Behavior, Aggressive Behavior and Intrusive (which form the Externalizing scale), Thought Problems and Attention Problems. A Total Problem Score is calculated by summing the individual item scores. The reliability and validity of the ASR [2] have been confirmed for the Dutch version [34] . In our sample, the ASR had high internal consistency coefficients, i.e. Cronbach's alphas higher than 0.70 (range 0.72-0.89), except for Thought Problems (0.56) and Rule-Breaking Behavior (0.66).
Statistics
Linear regression analyses
To investigate associations between childhood externalizing developmental trajectories and emotional and behavioral problems in adulthood, we performed multiple linear regression analyses. We tested whether associations existed between all the trajectories in all four externalizing behavior types and adult ASR scale scores. The regression analyses were performed in steps, for every subtype and ASR scale separately. In the first step, we entered the demographic variables gender and SES in the model as predictors, and in the second step, we entered the trajectories of externalizing behavior in the model as predictors. This analysis indicates whether individuals in other trajectories were at higher risk for adverse outcomes than the individuals in the near-zero group. In the third step, we determined for all models, whether there were interaction effects between gender and the separate trajectories. We also tested whether associations between trajectories within every externalizing behavior type and outcomes were significantly different from each other. We reported significant b values of the multiple linear regression analyses with the 'near zero' trajectories of each type as reference category, adjusted for gender and SES.
Results
In the multiple regression analyses, many associations were found between childhood externalizing developmental trajectories and adult problem behavior (Table 3 ). In general, we primarily found associations between high-level trajectories in the four externalizing behavior types and externalizing behavior in adulthood, and not between lowlevel trajectories and later problem behavior. Developmental trajectories of opposition and status violations showed more associations than the trajectories of aggression and property violations. The high-level and mediumlevel trajectories predicted problems in all the eight syndrome scales in adulthood. Furthermore, the adolescent increasers trajectories of opposition and status violations predicted very few problems in adulthood, and only showed associations with the adult problems in externalizing scales. Overall, the externalizing behavior trajectories predicted mostly aggressive behavior and rule-breaking behavior at follow-up.
Comparison of the regression coefficients of the different trajectories predicting adult outcome within each externalizing behavior type indicated that, first, for all the significant associations of aggression, high decreasers showed significantly stronger associations with adult Table 3 Associations between developmental trajectories of child to adolescent externalizing problems and emotional and behavioral problems in adulthood
Emotional Superscripts correspond to the trajectory of the subtype that the b values showed significant difference with. ''Ado'' Adolescence outcome than low decreasers. Second, for opposition, associations between high persisters and high decreasers were significantly different for anxious/depressed and aggressive behavior, and unexpectedly, high decreasers showed a stronger association with adult outcome than the high persisters. In addition, high-level trajectories showed significantly stronger associations with adult outcome than medium-level trajectories in this subtype. Third, as regards the developmental trajectories of property violations, the high persisters showed significantly stronger associations with adult outcome than low decreasers. Finally, for status violations, associations were significantly stronger between high increasers and anxious/depressed, somatic complaints, withdrawn and aggressive behavior. Associations with somatic complaints, thought problems, attention problems, rule-breaking behavior and intrusive problems were significantly stronger for medium increasers.
Discussion
The aim of this study was to predict adult problems from several child developmental trajectories of four types of externalizing behavior over a period of 24 years in a longitudinal population-based study of 2,076 children. Consistent with previous findings [13, 16, 17, 25, 27] , we found that children displaying high levels of externalizing behavior at any time point, and regardless of the course of their problems (i.e. increasing/decreasing/persisting), run a larger risk to have poor outcomes in adult life, compared with children with low levels of externalizing behavior. Furthermore, children displaying externalizing behaviors of the oppositional and status violations types showed a larger variety of psychopathology in adulthood than children displaying externalizing behaviors of the aggressive and property violations types. This prospective community study is unique in terms of its long follow-up time, and its ability to determine the predictive strength of various developmental trajectories in empirically derived types of externalizing behavior on psychopathology in middle adulthood.
In general, and in line with previous studies that investigated the long-term continuity of externalizing behavior [10, 20] , we found that externalizing behavior problems in childhood showed persistence into adulthood. Trajectories in all externalizing behavior types predicted aggressive behavior, rule-breaking behavior and intrusive problems, which are the three externalizing subscales of the ASR. Even the low-level trajectories of aggression and property violations predicted externalizing behavior in adulthood. Our findings confirm that childhood externalizing behavior shows long-term continuity, even up to middle adulthood.
Apart from predicting externalizing behavior problems in adulthood, severe developmental trajectories of externalizing behavior also predicted adult internalizing problems. Although relatively few population-based studies have reported outcomes in adulthood, heterotypic continuity of childhood externalizing behavior into adult internalizing problems has been previously reported [14] . However, the majority of previous studies indicate that this heterotypic continuity results primarily from the comorbidity between externalizing and internalizing problems in childhood [5, 20, 28] . Hence, a possible reason why externalizing behavior trajectories predict internalizing problems in adulthood in this study could be because we did not control for co-occurring internalizing problems in childhood or adolescence.
Of the four types of externalizing behavior we investigated, oppositional and status violations were most predictive of later emotional and behavioral problems. These results are in line with findings on previous waves of this study [8] , and with studies reporting associations between oppositional and adult psychopathology even after control for co-occurring conduct problems [23, 30] . One possible explanation to these findings could be that these two externalizing behavior types comprise behaviors that are primarily reactive, non-destructive and affective behaviors and entail negative emotionality (e.g. anger, runaway, rule breaking), in contrast to aggression and property violations that primarily comprise proactive and violent behaviors that are offensive and instrumental (e.g. bullying, vandalism). Proactive and reactive aggression have been found to be two distinct subtypes of externalizing behavior with different adult outcomes. Proactive and violent individuals tend to bully and be very unemotional, whereas reactive individuals show impulsive, angry responses to aversive events, particularly perceived by interpersonal threat [11, 36] . We found that children who show these reactive externalizing problems caused by emotional provocation suffer from later internalizing and attention problems [12, 36] .
Because previous studies showed that development of externalizing behavior can follow various trajectories [9, 10, 18, 22, 25] , we used latent class growth analysis to analyze trajectories of externalizing behavior, because this method is well adapted for modeling growth of phenomena within a population in which population members are not following a common developmental process of growth or decline. Given that we analyzed the distinctive trajectories within the externalizing behavior types, we were able to look at the differences in the associations between trajectories and outcomes in adulthood. In accordance with findings of previous studies [20, 24, 25, 38] , we found that high-level externalizing trajectories are most predictive for adult problems. In a review of conduct disorder and its outcomes in general population studies it was found that increasing severity of externalizing behavior was associated with an increasing risk of an emotional disorder in adulthood [37] . Also, Moffitt et al. [20] investigated the continuity of externalizing behavior and found a severe 'life-course-persistent' trajectory in a sample of externalizing individuals in a follow-up at age 26 years. In a 32 year follow-up of the above sample it was found that individuals that developed through the most severe developmental subtype of DSM-IV conduct problems suffered from the most mental health problems [25] . Taken together, we can confirm that high-levels of externalizing behavior in childhood and adolescence are linked to poor outcomes in adulthood.
Investigating the predictive value of distinct trajectories to problems in adulthood, we found that primarily the level of the trajectories, and not the direction had impact. These findings are consistent with the findings of previous studies in which children in high-level trajectories had more problems in adulthood, independent from the direction of the development [8, 25] . The present study extends these findings because we were able to report that all high-level trajectories in every type of externalizing behavior showed associations with the majority of the behavioral problems up to the age of 40 years. In addition, the medium-level trajectories, which are still relatively high in severity, showed multiple associations. In general, we can conclude that children who develop along a relatively high-level trajectory are more at risk for adult problems, despite the course of their high-level trajectory.
Longitudinal studies have repeatedly reported a developmental subtype of externalizing behavior in which individuals only suffer from problem behavior during adolescence [9, 20, 24] . In the current study, we did not find significant associations between the adolescent increasers trajectory of status violations and adult problems. This confirms the existence of an adolescence-limited subgroup. However, we also found an adolescent increasers subgroup that did show associations with externalizing behavior; the adolescent increasing trajectory of oppositional predicted all externalizing behavior scales (i.e. aggressive behavior, rule-breaking behavior and intrusive). This contradicts the existence of an adolescent-limited subtype of externalizing behavior. Interestingly, this was also found in a recent study of Odgers et al. [24] . Their results also showed mixed evidence for the existence of the adolescent onset group. Although preliminary, the above findings could indicate that the adolescent-limited subtype does not exist in all types of externalizing behavior, which confirms the importance of examining subtypes of externalizing behavior.
Our findings should be interpreted in light of two limitations. First, although we achieved a relatively high response rate in a 24-year follow-up, a considerable proportion of the original sample from 1983 did not participate in this follow-up. By interpreting our results, one should be aware of the fact that in longitudinal populationbased studies, high-risk people are the most difficult to keep included. Although selective attrition effects were small in the present study, some children with the most severe externalizing behavior problems were not be included. Therefore, results may not generalize to high-risk populations. Consequently, studies on high-risk children are essential to complete the present findings on the predictive value of developmental trajectories of externalizing behavior. Second, the results of this study may have been influenced by time dependent environmental covariates, such as economic growth, ethnic distributions, or family structures that we did not control for.
Conclusion
Despite the above limitations, this longitudinal study shows a relation between child and adolescent externalizing behavior and adult psychopathology, even over a 24-years time-interval. We can conclude that, high levels of externalizing behavior in childhood and adolescence are associated with poor adult outcome, regardless of the developmental course of these behaviors. Therefore, intervention and prevention should focus on individuals that show severe externalizing problems at any point in childhood or adolescence. Because children and adolescents with externalizing behavior in the oppositional behavior and status violations subtypes were most likely to suffer from adult psychopathology, we recommend that prevention and intervention should focus on children and adolescents showing 'reactive' externalizing behavior (such as anger, temper and runaway) and substance abuse.
